In the last decade, the theory on the Cauchy problem for hyperbolic equations has developed a little in the analysis of their characters. This article will aim to survey briefly the main point of the advance. Before doing so, we give a short historical remark. The notion of hyperbolic equation began from the characterization of the wave equation. In the present day, however, it comes to be understood as an algebraic and geometric characterization, for symbols of Hormander [7] were sharp as enough as a sufficient condition, better than the Petrowsky condition, was conjectured. We here summarize them and sufficient conditions by V. Ya Ivrii, L. Hormander and the author. One of the conclusions for single equations is that the strong hyperbolicity is equivalent to the effective hyperbolicity.
§ 1. Necessary Conditions
We consider a single partial differential operator p of order m on an open set Q of R n+1 . The non characteristic Cauchy problem, in other words, the initial value problem, is to find a solution of the equation pu =/ on Q satisfying the initial data on a hypersurface of the derivatives up to m -1 of u to the conorrnal direction of the surface. The solvability of the Cauchy problem according to J. Hadamard [5] consists of two parts of local existence of solutions and local uniqueness. There are some variants to realize it in exact notions. We use here one of stronger definitions in the sense that it is an open condition, namely, if it is solvable at a point, then it is solvable at any point of a neighborhood of it.
Definition 1.1. The Cauchy problem for p is said to be well posed at a point x ~ with respect to a non characteristic direction 9 / 0 if there exist a neighborhood Q of x~ and an infinitely differentiate function $ satisfying $(x~) = 0 and d$(x~) = 0 such that the following statements (£) f and (U) t hold for any small f.
(E) t For every / belonging to CJ°°(O) there is a distribution u belonging to £'(Q) and satisfying the equation pu =f on Q t9 where Q t is the set of x in Q such that 4>(x)<t. (U) t If u belonging to S"(Q) satisfies pu = Q on Q t , then u vanishes identically on Q t .
By P. D. Lax [14] and S. Mizohata [19] , we have known that the principal part p m of p is hyperbolic if the Cauchy problem for p is well posed as follows. We can find in L. Hormander [7] the above result to imply that )(*~,C~0+<T)=o for any derivatives in (£, x) of order (a, /?) up to |a| + 1/?| < r if has the roots £~ of multiplicity r. So we have the following theorem by V. Ya Ivrii and V. M. Petkov [9] . Remark. The finite propagation property means a stronger condition for the uniqueness such that u belonging to £' (Q) and satisfying pu=Q on £2(e, x) should vanish on Q(c, x), for any small and positive £ and for any x in O, where (2(e, x) is the set of x' in Q such that cf)(x)~ (j)(x')>c\x -x'\.
Therefore we can define the localized operator of p. Remarks. 1) The multiplicities of the singular points need not be always double because the subprincipal part p m -i should be zero by virtue of the previous theorem while the fundamental matrix is zero at the point where the multiplicity is not less than triple. V. Ya Ivril and V. M. Petkov have remarked that the finite propagation property is not necessary to obtain this conclusion.
2) We may also call the inequality at the above theorem the Levi condition.
Now we introduce two notations. At the previous section, it has been explained that hyperbolic operators with double characteristic sets are classified into three types. One called effectively hyperbolic has required no limit for lower order terms, and the others have needed some restrictions. We approach to these types from a view point of sufficiency. We restrict the operators treated here to ones of second order for the sake of simplicity because operators with double characteristic set are essentially equivalent to ones of second order with respect to types of characteristic sets.
First, we deal with effectively hyperbolic cases. O. A. Oleinik [23] and others raise to us an idea that the Cauchy problems for effectively hyperbolic operators might be proved to be well posed without any other restrictive condition, because their results have proved so for typical examples. The author has answered to the conjecture by finding a standard type of effectively hyperbolic operators. The combination of the author [11] This result combines with the result by V. Ya Jvril and V. M. Petkov to yield an assertion.
Corollary 2.2. Let p 2 be a principal part of a partial differential operator of second order. p 2 is strongly hyperbolic if and only if p 2 is effectively hyperbolic.
We mention a standard type of effectively hyperbolic operators, which helps us to understand them. Remark. We refered to L. Hormander [7] for the formulation of this theorem. The case of non-nilpotent & is due to V. Ya Ivrii [10] . The case of nilpotent ^", that is, Tr~«F = 0, is due to L. Hormander, which needs the improved A. Melin's inequality with the strong bound, so that it implies only the estimate that \\u\\ s <C s \\pu\\ s .
The result by O. A. Oleinik [23] should be stated before finishing this section, because it includes many types with double characteristics not discussed in this article and because it has motivated many related works including V. Ya Ivrii and V. M. Petkov's after it. 
